Feature extraction is a key technology in the process of the 3D model retrieval, and the retrieval result is determined by the quality of the features. This paper structures one function (θ, φ, H) which is used the spatial position (θ, φ) and the mean curvature (H) of the 3D model surface point. Through making harmonic analysis for the function, a group of partial features which have rotation invariance are obtained. And then taking advantage of the entire features which are weighted by the distance from the surface points to the model barycenter, a new group of feature vectors are obtained. So the new features obtain both partial and entire features. The experimental results show that using the new features are better than only using partial or entire features in the recalling ratio and precision ratio.
Introduction
With the development of Internet and computer technology, the 3D model is also getting more and more widely used. Since constructing a highly lifelike 3D model is a very time-consuming and trouble thing, it becomes more and more important to reuse the existing 3D models. Facing the huge 3D model library, how to rapidly retrieve the suitable models becomes a popular topic after the image and video retrieval.
In recent years many researchers carry out a lot of researches on the direction of extracting the 3D model features. There are about three kinds of algorithms according to the different theories of extracting features, such as using geometrical elements, using spherical harmonic function and using histogram based on distribution of model vertexes. Osada [1] transformed the distribution characteristics presented by the correlations of the geometric solid surface vertex into a simpler probabilistic problem, and the algorithm has a group of translation, rotation and scaling invariance features, but it focuses on the whole shape of the model and ignores the differences of the local details; Zhang [2] carried Fourier analysis to the closed contour line using signal analysis method for feature extraction. This kind of methods has coordinate rotation invariance features, but it is not suitable for the large 3D library to extract features because of higher requirements to the models and poor computability. Suzuki [3] disassembled the 3D model into lots of little cubes for achieving the entire features of the 3D model using the feature of every little cube, but this method is without any idea about the distribution of surface information of different models, and the model surface noise which exists in every different little district would affect the retrieval result. Erturk [4] applied a spherical harmonic function to extract the 3D model features, and the main idea is that the 3D model is surrounded by a unit 3D sphere and the model center coincides with the spherical center. Launch rays outward the center of sphere, and then the rays encounter with the model, so calculate the coordinates of the intersection point and the distance from the intersection point to the center of sphere. Define f as the distance, then (θ, φ, f ) establishes the functional relationship, where θ, φ is the spherical coordinate of the unit sphere. And then the spherical harmonic transform is used on f , and so a group of features will be obtained to be used to retrieve. But these researches focus on the entire features of the model to retrieve, for only in difference details between the models those cannot achieve good retrieval effect. This paper is on the basis of the previous work and takes advantage of the partial features to define the spherical function, and then the harmonic analysis is done with the spherical function to achieve a group of translation, rotation and scaling invariance feature descriptor. And then the feature descriptor is used to retrieve the 3D library after which is weighted with the entire features.
Harmonic Analysis on the Mean Curvature of the 3D
Model Feature Point
The Curvature of 3D Model Point
At present the 3D mesh model which is the most widely used is structured by the geometric structure and topological structure. Fig. 1 shows the structure of 3D mesh model [5] . The geometric structure represents the information of coordinate, while the topological structure represents the information of surface. The surfaces of topological structure are triangular because they are the triangular meshes. The curvature of every point of 3D mesh model describes his partial feature. (k 1 + k 2 ), and Gaussian curvature is K = k 1 k 2 . Four kinds of curvatures reflect the partial features of this point on the mesh [6] . The experiments show that the mean curvature more effectively reflects the partial features than other three curvatures. Fig. 2 describes the curvature of the point on the 3D model. Fig. 2 shows that the mean curvature of the point on the model surface is more effective to describe the model than the others. So the mean curvature is employed to describe the partial feature of the point on the model. Laplace-beltrami operator [7] is a second order differential constant, and 1-adjacency points of the point are used to present the second order differential in the numerical expression. 
Calculate the Mean
Proof At first consider the plane mesh ( Fig. 4 (a) ), and suppose the function of the mesh was
, that is the coordinate of point v is (x i , y i ). Laplace-beltrami operator is defined as:
which acting on the point v is discretized as:
The Eq. (3) is simplified as:
Expand Eq. (4) to the 3D mesh (Fig. 4 (b) ), and we will get:
Standardize Eq. (5) as:
If the function f of the point v is presented by the coordinate of v, then: According to ∆p = −2Hn and Theorem 1, the mean curvature of the point on the discretized mesh has been obtained, and employ interpolation method to get the mean curvature of every point on the mesh surface.
Establish the Spherical Harmonic Function
At first preprocess the 3D model, the preprocessing including scaling, translation and rotation, to use the same direction and scale, and to make the 3D model barycenter coincide with the unit spherical center. Launch rays outward the barycenter, and the rays encounter with the 3D model, then take the maximum distance point as the entire feature point of the 3D model. The spherical coordinates of this point are:
(r sin θ cos φ, r sin θ sin φ, r cos θ) ( 
r = 1 because it is a unit sphere, so the coordinates of this point are (sin θ cos φ, sin θ sin φ, cos θ).
The value of n is the more big and the sampling point is the more dense, and the model will be presented better. But if the value of n gets bigger that would increase the complexity and the amount of calculation would get larger.
The feature point will be found by employing the upper method and then calculate the mean curvature of this point. (θ, φ, H) establishes the functional relationship. Make use of the functional relationship to establish the harmonic function [5] :
The divergence of the function is 0, that is:
The spherical coordinate representation is [9] :
Take advantage of the separating variable method, the solution of this equation is [6, 7, 8, 9] :
P n m is Collaborative Legendre functions. L m,n is extracted as the feature of the model, and then to match by using the Euclidean distance.
Calculate the Coordinates of the Feature Points
In the experiments the unit sphere is adopted to encapsulate the 3D model, and the barycenter coincides with the spherical center. Launch rays outward the barycenter, which encounter with the 3D model, and take the maximum distance feature point. Fig. 5 presents the principle of the feature extraction. The known ray encounters with a surface of the mesh, so the encounter point is a point on the triangular surface. According to the structure of the 3D mesh model, the mesh model file only records the vertex coordinates, so to calculate the encounter point coordinates, the encounter triangle surface would be computed at first.
Define the spherical center (the model barycenter) as O, the ray encounters with spherical surface on point Q i and the barycenter of the triangular surface is P i .
The sample point extraction algorithm:
Step 1 Calculate the barycenter P i of every triangular surface in turn.
Step 2 Calculate every (
Step 3 Take the minimum (OP i +P i Q i )−OQ i , then the ith triangular surface is which encounters with the ray OQ i .
Step 4 According to the encountered triangular mesh and the ray the coordinates of the encounter point will be obtained.
Simulation Experiments
In order to verify the effectiveness of the proposed algorithm, 100 models which are selected from the 3D model library of Princeton University are taken as the experimental database. 100 models are selected from 4 kinds of models which are human kind, animal kind, vehicle kind and plant kind. In the experiments the animal kind and the human kind are taken separately as the input models to retrieve the experimental database.
Define 3 groups of features, such as X feature, Y feature and Z feature. According to the method provided by document [10] , it takes the distance from the feature point to the barycenter of the model as a function, and harmonic transform is used on the function, then X feature is obtained. Take the mean curvature of the 3D model feature point as a function, and harmonic transform is used on the function, then Y feature is obtained. Product Y by the distance from the feature point to the barycenter of the model, then Z feature is obtained.
Three groups of features are employed in the experiments: Table 1 shows the retrieval results that X, Y, Z are used as the feature in turn and Input-1 (one animal model) is employed as a retrieved model.The first six models searched out are showed in the table using the three groups of features. Among them three incompletely correct models are searched out using X feature, Y is three while Z is one. In the retrieval results sorting aspect, Z is more reasonable than others. Table 2 shows the retrieval results that X, Y, Z are used as the feature in turn and Input-2 (one human model) is employed as a retrieval model. The first six models searched out are showed in the table using the three groups of features. There is not incorrect models among them, but Z is the most reasonable in the retrieval results sorting aspect.
According to the definitions of X and Y , the feature X represents the entire features while Y represents the partial features. Because Y feature is about of the mean curvature which is regarded as the second order differentiation. In the 3D model retrieval process if only the entire features were used that the recall ratio would be raised, while the precision ratio would be decreased; If only the partial features were used that the precision ratio would be raise, while the recall ration would be decreased. So the X, Y features are both used. X, Y features are weighted by the distance so the feature Z are obtained, and then the feature Z includes not only entire features but also the partial features, so the recall ratio and the precision ratio are both raised.
As the experimental results Fig. 6 showing, the recall ratio using the partial feature Y is higher than using the entire feature X, while the recall ratio and the precision ration are both higher by using Z features which are obtained by X, Y features being weighted. So the effectiveness of the method has been verified. 
As the forth media form the 3D models are applied widely in many different fields, such as production, life and entertainment. With the development of the 3D data accessing technology, it is very easy to obtain 3D models. Therefore, a huge mass of 3D models are supplied to the users, and the professional 3D model library and retrieval system have been developed. In this situation how to search out the models the users wanted rapidly and precisely in the 3D model library becomes the research focus.
The method mainly applies the partial features meanwhile weighted by the entire features, and then the experiments achieve good results. But the feature extraction method is still based on the geometric features, the retrieval results would be worse if the same kind of models had different actions. In order to achieve better retrieval results the second retrieve should be done by using the geometric features, in the mean time topological features should be added in the future work.
